viewed as suppressing the earlier learned fear memory and thus allowing the expression of the newly acquired extinction memory, consistent with the general role of prefrontal cortex in adjudicating competing memories discussed above.
But how does this view of prefrontal cortex function apply to recent and remote expression of the initially acquired fear memory, as observed in the Kitamura et al. [2] and other studies [3] [4] [5] [6] ? It is worth noting that, during fear conditioning, animals are typically allowed to explore the context for some time before the shock is presented, and they might acquire a memory of the environment as safe during that adaptation period. Perhaps the subsequently acquired fear memory is so salient that it overwhelms the initial safety memory without the need for prefrontal involvement. But after several days, during which the fear memory is known to lose specificity [20] , the original safety memory and the later learned fear memory compete and the prefrontal cortex now plays a critical role in selecting for expression of the fear memory. In this speculative scenario, prefrontal information processing that was established at learning becomes essential to the retrieval of a memory only as integration of the safety and fear memories continues off-line for the prolonged period of consolidation, and an adjudication of these competing memories is accomplished during subsequent retrieval by prefrontal cortex. This hypothesis is just one possibility and only future research on the nature of prefrontal information processing will clarify the role prefrontal cortex plays that becomes important in remote memory retrieval. 10 Arbuscules are tree-shaped fungal structures inside plant root cells that facilitate the exchange of nutrients delivered by the fungus with carbon sources from the host. To maintain symbiotic efficiency, plant cells can trigger degeneration of underperforming arbuscules. A recent study reveals the first transcription factor, which induces genes encoding hydrolytic enzymes, to mediate arbuscule degeneration.
Underperformance of one partner is a frequently observed problem in symbiotic relationships. This partner profits from the benefits of the interaction but does not pay the (full) price that the symbiosis was initially founded upon [1] . To maintain a symbiosis for millions of years, there must be a solid and stable mechanism that prevents underperformance. Precious investment by partner A that is not returned by partner B is not only a bad deal. The associated loss of resources can also lead to negative selection if the competition has established a better arrangement. Arbuscular mycorrhiza (AM) symbiosis is at least as old as the earliest fossils of land plants that already show the traces of colonisation by a large variety of symbiotic and pathogenic fungi [2] . AM fungi belong to the Glomeromycota, a diversified clade comprising species that likely differ in their symbiotic efficiency. However, differences in symbiotic performance may not only be based on genetic diversity. Even the hyphae of genetically identical fungi exploring the soil substratum may be more or less successful in harvesting nutrients due to non-homogeneous nutrient distribution in the soil. This will result in higher or lower nutrient supply to the plant by individual fungal colonization units.
AM fungi are estimated to consume up to 20% of the plant's photosynthate [3] . Plants secure a proper return for this investment through symbiosis with wellperforming fungal partners. But how does the plant maintain the performance of the symbiosis and the benefits it provides?
Over the last ten years, the lab of Maria Harrison has published three key papers that provide important insights into how plants tackle this problem. The answer lies within the arbuscules, the central name-giving structures of the symbiosis. The plant controls their lifetime and targets underperforming arbuscules for premature decay [4, 5] . In a new paper published recently in Current Biology, the Harrison lab now describes the identification of a key molecular player regulating arbuscule degeneration [6] .
Arbuscules are tree-shaped hyphal structures that provide a huge interaction surface between the two partners. Such a large surface appears instrumental for a sufficient flow of essential nutrients which are exchanged in this symbiosis. Nutrients flowing from one partner to the other have to pass two membranes, the fungal plasma membrane and the plant-derived periarbuscular membrane (Figure 1) . The periarbuscular membrane envelopes the entire arbuscule, including its finebranches, and keeps the fungus outside the plant cytoplasm. It harbours unique proteins, such as AM-specific phosphate and ammonium transporters [4, 5] , which take up fungus-delivered nutrients from Figure 1 . The role of MYB1 in arbuscule degradation.
(A) Arbuscocytes (arbuscule-containing cells) undergo an arbuscule turnover process that involves the maturation, degradation and re-initiation of an arbuscule. Floss et al. [6] identified the transcription factor MYB1 as a key player in regulating degradation. MYB1 overexpression is sufficient to induce a number of 'executor' genes (orange box). They encode a diverse array of hydrolytic enzymes that Floss and coworkers propose are responsible for the degradation of the arbuscule. MYB1 interacts with DELLA and NSP1. NSP1 is required for MYB1-induced transcriptional activation of all five of the analyzed executor genes, while DELLA is only required for one. After an arbuscule has been degraded, the same cell can support the development of a new arbuscule [10] .
(B) The Harrison lab has previously shown that the timing of arbuscule degradation is controlled by the nutrient status of the plant and supply via the arbuscule [4, 5] . The pt4 mutant suffers from accelerated degradation of arbuscules, presumably triggered by the lack of phosphate delivered by the arbuscule. This scenario calls for a surveillance system for the symbiotic performance of the fungus [5] .
(C) In the myb1 pt4 double mutant, this accelerated arbuscule degradation is suppressed, demonstrating the central role of MYB1 in premature arbuscule degradation. However, arbuscules are still degraded like in the wild type. Therefore, an alternative transcriptional regulator (X) may function in arbuscule degradation in the absence of MYB1.
the periarbuscular space, an apoplastic compartment between the plant and fungal membranes [7] . Arbuscule formation is under plant control and has been dissected into distinct steps using plant mutants [8] . However, the happy union in the arbuscocyte (arbusculecontaining cell) does not last long.
Arbuscules have a short lifetime of only 1-3 days at maturity [9, 10] . Then they collapse and disappear from the host cell. At least at the microscopic level of observation, the cell returns to its original state and can be re-colonized by a new arbuscule [11] . The new work of Floss et al. [6] enters hitherto uncharted territory in AM research, by investigating the molecular basis of arbuscule degeneration. The Harrison lab had previously discovered that loss of the plant phosphate transporter PT4, which resides in the periarbuscular membrane (Figure 1 ) [12] , leads to accelerated degeneration of arbuscules [5] . This was the first indication of the plant's major role in determining arbuscule lifetime. The pt4 mutant also inspired the idea that the observed premature arbuscule degeneration is likely to mimic the fate of inefficient arbuscules that do not deliver phosphate because of limitations on the fungal side. Interestingly, the 'punishment' by arbuscule digestion can be circumvented if the arbuscule delivers an alternative nutrient, which justifies its maintenance. In low nitrogen conditions, pt4 mutants supported arbuscules with a normal lifetime and this extended lifetime was now dependent on a periarbuscular membrane-localised ammonium transporter, AMT2.3 [4] . This result suggested that arbuscule lifetime depends on the delivery of at least these two macronutrients and that plants have the possibility to sense the efficiency of the arbuscule and to integrate this information with their nutritional status. Thus, it appears that Liebig's law of the minimum may be relevant for AM symbioses and arbuscule maintenance.
To find regulators of arbuscule degeneration, Floss et al. employed an RNAi-based pt4 suppressor screen focussed on transcription factors. This approach led to the discovery of MYB1, which they describe as a central transcriptional regulator of arbuscule degeneration. Premature arbuscule degeneration in the pt4 mutant is arrested in a myb1 pt4 double mutant, demonstrating the relevance of MYB1 for degeneration. MYB1 overexpression in Medicago roots is sufficient to suppress symbiosis development and to drive expression of a number of genes encoding digesting hydrolytic enzymes such as chitinases, lipases and proteases, which likely 'execute' the degeneration of arbuscules, the periarbuscular membrane and contents of the periarbuscular space (Figure 1) . Congruously, these same transcripts over-accumulate in colonized pt4 mutant roots, in which arbuscules degenerate prematurely. The induction of 'executor genes' requires NSP1, a GRAS transcription factor gene; MYB1 interacts with NSP1 in yeast and Nicotiana benthaniana cells. Also, another GRAS protein, DELLA, interacts with MYB1 and is required for the activation of at least one of the executor genes induced by MYB1 overexpression. nsp1 mutants suffer from reduced root colonization [13, 14] and DELLA is required for arbuscule formation [15] . In this function, DELLA is assumed to interact with the central symbiosis transcription factor CYCLOPS to activate the RAM1 gene, which is required for arbuscule branching [16] . Thus, interestingly, some transcriptional regulators appear to have dual roles in supporting both development and degeneration of arbuscules, depending on their interaction partners in a transcription factor complex. However, Floss et al. observed that both myb1 pt4 double mutants and myb1 single mutants maintain a wild type-like arbuscule size distribution, implying that mutation of MYB1 does not disrupt 'normal' arbuscule turnover cycles. This implies that in the absence of MYB1 an alternative transcriptional regulator (X, Figure 1 ) must regulate arbuscule degeneration.
Regular-and high-frequency arbuscule turnover is probably a key feature that maintained the symbiotic interaction efficient over hundreds of millions of years. This feature not only protects against fungal cheaters but also maintains those arbuscules of efficient fungi and fungal colonization units that are best connected outside the root to nutrientrich soil niches, while removing those that are not. Given the apparent selective benefit of reducing the lifetime of inefficient arbuscules, the regulation of arbuscule degeneration by MYB1 and the executing hydrolase genes may be a very old invention that may have been instrumental in maintaining the symbiosis intact and functional over the last 450 million years. Loss of MYB1 and/or factor X (Figure 1 ) would make the AM symbiosis open to attack by cheaters, providing a disadvantage in a competitive environment of plants that only invest in functional arbuscules.
How does the plant test the quality of the fungal partner? Which signal(s) and molecular mechanism(s) activate MYB1 (transcriptionally or post-transcriptionally) to initiate arbuscule digestion? Do arbuscules lose the capacity for delivering nutrients when they reach maturity, or is the turnover of matured arbuscules based on additional, yet unknown features? Although the mechanism by which the plant senses the capability of an arbuscule to deliver nutrients is still obscure, the work by Floss and colleagues describes for the first time a key transcription factor that controls the degeneration of inefficient arbuscules. This discovery also enabled the identification of the likely executors of arbuscule degeneration. MYB1 can now serve as the entry point into the study of the signal transduction pathway that connects the sensing of the plant nutritional status with the performance of a single arbuscule, to make the decision whether it should be maintained or digested.
It has long been known that we subjectively experience longer stimuli as being more intense. A recent study sheds light on the neural mechanisms underlying this bias by tracking the formation of a percept of intensity in the rat brain.
In 1885, French physician and scientist Adolphe-Moïse Bloch asked a simple question: ''Is it possible to present a luminous object sufficiently briefly so that it will not be seen?'' [1, 2] . To address this question, Bloch performed a visual detection task using a candle (the luminous object) and a Foucault regulator, a mechanical device of the time that allowed him to control the duration of stimulus presentation at milliseconds resolution. Bloch showed that, for shortduration stimuli, ''in order to obtain the cessation of visual sensation, doubling the intensity of the light requires halving its duration'', a phenomenon that was later termed Bloch's Law [2] . Today we know that, even for long stimuli, the perceived intensity of a stimulus increases with its duration [3] . This is not a quirk of vision: rather, it seems to be a common misalignment between the Umwelt (subjective) and the physical world, as the same occurs in audition [4] and somatosensation [5] . While the physics of transduction at sensory receptors and the integrative properties of neurons in the early stages of sensory processing are likely to contribute to this phenomenon at timescales of tens of milliseconds [6] , cortical mechanisms also have been speculated to play a role, especially at longer timescales [5, 7] . A new study by Fassihi et al. [8] , reported in this issue of Current Biology, delivers important new insight into the way physical intensity and duration are integrated in the brain to generate the percept of intensity.
Perception is typically studied by quantifying the subject's ability to detect a physical stimulus (detection), or to distinguish two stimuli (discrimination) that differ along a single physical dimension, such as pitch, intensity, luminance or contrast. A popular discrimination paradigm is the delayedcomparison task, in which the two stimuli to-be-distinguished are presented sequentially, separated by a delay period.
Whisker touch is the major sensory modality that rodents use to collect information from the nearby environment. Several years ago, Fassihi et al. [9] developed a delayed-comparison task for rats, based on the whisker sensorimotor system. This was an important development: until that time, such delayed-comparison tasks in animals were restricted to monkeys, limiting our ability to study, and especially to interfere
